The calculations show a considerable change in the cost competitiveness of fuels. Fuel related costs of the fossil fuels with high CO 2 emission factors and other environmental impacts may be doubled.
I. INTRODUCTION
This paper draws on the on-going study 'Analysis on the technical and economic consequences of renewable energy based CHP systems in new areas with the lowered useful heat demand or after implementation of energy conservation measures in the areas with older buildings' within the project 'Primary Energy Efficiency', partly financed by Nordic Energy Research, which contributes to the effort of enhancing the primary energy efficiency (PEE) and reducing CO 2 emissions in the energy sector. The objective of the referred study is to create a computer program to estimate the economic and technical feasibility with a view to building a CHP plant based on renewable fuels in the Nordic/Baltic Sea Region countries taking into account local conditions. The novelty of the planned computer program lies in the orientation to the under 10 MW el distributed CHP units based on the existing district heating networks.
The goal of the paper is to estimate the effects of pollution charges for emissions, ash handling and of the carbon dioxide quota trade on the competitiveness of different fossil and biofuels in Estonia.
The competitiveness is determined by the comparison of fuel related costs for different energy sources for the years 2010 and 2015. Fuel related costs consist of fuel price, ash handling costs and environmental fees, as well as the carbon dioxide quota price per one MWh of fuel energy content (based on lower calorific value).
The paper is structured as follows: Section II describes the procedure and methods for determining the emissions of pollutants from combustion plants into ambient air. Then, after an overview of pollution charge rates, the pollution charge rates per one MWh of fuel energy content are calculated. The next section describes the ash handling costs of the observed fuels. Section VI provides calculations of the CO 2 quota amount level per one MWh. Section VII provides calculation and analysis of the impacts of pollution fees, ash handling and carbon dioxide costs (environmental costs) on the competitiveness of fuel costs, as well as an analysis of the fuel-related costs of different energy sources for the years 2010 and 2015.
The last section provides conclusions and proposals based on the calculation results and data set out in previous sections.
II. PROCEDURE AND METHODS FOR DETERMINING EMISSIONS OF POLLUTANTS FROM COMBUSTION PLANTS
INTO AMBIENT AIR Regarding [1] , emissions of sulphur dioxide, nitrogen oxides, carbon oxide, volatile organic compounds, solid particles and heavy metals generated by combustion plants and emitted into ambient air shall be determined on the basis of direct measurements and/or calculations. In this paper the determination of emissions of pollutants is based on calculations. This method takes into account different combustion technologies, flue gas cleaning technologies, control devices as well as capacities to define the emission factors of pollutants.
To avoid the complexity of analysis arising from different combinations of capacities, combustion technologies, fuel gas cleaning and control equipment, it is assumed that:
• the thermal capacity of combustion plants is below 50 MW; • the selected combustion technology provides the lowest emission level compared to all other combustion technologies mentioned in [1] ; • the combustion plant is equipped with the most effective control systems mentioned in [1] ; • the combustion plant is equipped with the most effective flue gas treatment technology mentioned in [1] .
Emissions of carbon dioxide are calculated according to the method described in [2] , thereby the carbon dioxide emissions from biofuels equal zero.
Emission factors in kilograms per one MWh of fuel energy content are calculated based on the methods described in the above-mentioned regulations and assumptions. Calculation results are shown in Table I . 
III. POLLUTION CHARGE RATES
Pollution charge rates upon emission of pollutants into ambient air are defined in [3] . Charge rates are given until the year 2015. The pollution charges per one ton of pollutant for the years 2010 and 2015 are shown in Table II . As shown in Table II above, the pollution charges for the year 2015 in comparison to the year 2010 will increase by approximately three and a half times for particulates and sulphur dioxide emissions. A 1.5-fold increase is estimated for nitrogen oxides, carbon monoxide and volatile organic compounds. The pollution charge rates for carbon dioxide and heavy metals will remain on the same level.
IV. POLLUTION CHARGE RATES PER ONE MWh OF FUEL ENERGY CONTENT
The calculation of pollution charge rates per one MWh of fuel energy content is based on the previously calculated data set out in Sections II and III which describe the emission factors per one MWh of fuel energy content and the pollution charge rates, respectively. The results of calculations are shown in Table III . Table III shows that, at the present time, oil shale has the highest pollution charge rate per one MWh of fuel energy content. Combustion of oil shale implies pollution charges at the rate of about 1.75 EUR/MWh fuel . Due to high emission factors, especially for sulphur dioxide, carbon dioxide and particulates, the expected pollution charge rate of oil shale will be twice as high and amount to about 3.75 EUR/MWh fuel by 2015.
The pollution charge rates of peat per one MWh of fuel energy content are estimated to be at the rate of 0.9 and 1.07 EUR/MWh fuel for the years 2010 and 2015, respectively.
Natural gas has the lowest pollution charge rate per one MWh of fuel energy content in comparison to other fossil fuels observed. The total charge rate is formed mainly of carbon dioxide emissions which make up 95% of the total. Due to a stable carbon dioxide charge rate for the years 2010 and 2015, the increase in the overall pollution charges is negligible. Pollution charge rates per one MWh of fuel energy content are estimated to be at the rate of 0.42 and 0.43 EUR/MWh fuel , respectively.
The approved pollution charge rates applied until 2010 and the emission factors determine the wood chips' pollution charge rate per one MWh of fuel energy content to rise by approximately two times. In spite of a relative increase, the total estimated charge rate per one MWh of fuel energy content will be four times lower compared to natural gas, ten times lower compared to peat and 37 times lower compared to oil shale in 2015. Charge rates will comprise 0.11 EUR per one MWh of fuel energy content.
V. ASH HANDLING
Ash handling costs for the fuels described in this paper depend on:
• fuel ash content;
• percentage of ash to be handled by the ash removing system; • water content in ash which determines the final weight of ash to be disposed of. In the case of wet ash removing technology, the wet ash density is much higher than in the case of implementing the dry ash removing technology (ash removal costs are higher). Unburned fuel particles in ash can cause fire in landfill or in other ash storage place. If ash is wet (removed by wet ash removal technology) then the self ignition risks are significantly reduced. Besides, in the case of wet ash removal, there is no dust in the air and ash is always cold -that contributes to a longer service life of the equipment.
The ash handling cost calculations are based on the following assumptions.
• Regarding the information obtained from the oil shale mining company Eesti Energia Kaevandused Ltd., the average ash content of oil shale is 45% and the average calorific value of energy oil shale is 2.3 MWh/t.
• The ash content of peat is 5%. The average calorific value is 3.3 MWh/t. [4] • The ash content of wood chips is 1% with the calorific value being 2.4 MWh/t. • Natural gas based combustion does not emit any ash.
• Regarding the information obtained from different landfill owners, the average ash removal costs (ash transportation to a landfill and storing) is 45 EUR/t for the year 2010.
• The average ash removal costs will be 65 EUR/t in 2015.
• The combustion plant is equipped with the dry ash removing system. The ash handling costs per one MWh of fuel energy content for the years 2010 and 2015 have been calculated on the basis of the above-mentioned information. The results are shown in Table IV . The CO 2 quota trade is a symbiosis of power engineering and the financial world, which is important for all energy producers and other industries involved in the quota trade.
In the current situation, the CO 2 quota trade rules assume that a combustion plant is not obliged to buy or sell CO 2 quotas if the CO 2 emissions do not exceed the allocated quantity.
Since the quota trade rules for phase III which will apply after the year 2012 are not yet distinctly clear, it is quite complicated to forecast the CO 2 quota price. In general, phase III means a cancellation or a significant reduction in the CO 2 quotas allocated to EU countries and putting into operation a general exchange for trading in CO 2 quotas.
Regarding [5] , if CO 2 trading will be prolonged after 2012, the CO 2 quota price level could be in the range of 20 to 35 EUR/t.
The CO 2 quota amount levels per one MWh of fuel energy content are calculated and shown in Table V. The CO 2 quota amount level per one MWh is proportional to a fuel-specific CO 2 emission factor. Thus the CO 2 quota amount level per one MWh of oil shale or peat is almost twice as high as the respective value of natural gas. 
VII. IMPACT OF POLLUTION FEE, ASH HANDLING AND CARBON DIOXIDE COSTS (ENVIRONMENTAL COSTS) ON THE FUEL COST COMPETITIVENESS

A. Environmental costs for the years 2010 and 2015
The costs per one MWh of fuel energy content for the years 2010 and 2015 described in Sections IV, V and VI are summarized in Fig. 1 .
Oil shale has the highest environmental costs (10.6 EUR/MWhfuel) in 2010 as well as the largest absolute increase in the costs per one MWh of fuel energy content for 2015. The increase will comprise 13.1-18.5 EUR/MWh fuel depending on the assumed CO 2 quota price scenarios.
The environmental costs of peat and wood chips for the year 2010 are estimated to be below 2 EUR/MWh fuel .The environmental costs of wood chips will change insignificantly by 2015. At the same time, due to a high carbon dioxide emission factor, the environmental costs of peat will be 5-8.5 times higher and amount to 9.5-15.1 EUR/MWh fuel .
In spite of a relative 10-18-fold increase in the environmental costs of natural gas from 0.4 EUR/MWh fuel to 4.5-7.5 EUR/MWh fuel (depending on the assumed CO 2 quota price scenarios), the environmental costs for the years 2010 and 2015 as well as the absolute increase in environmental costs are the lowest in comparison to other fossil fuels observed.
B. Effect of environmental costs on the fuel related costs per one MWh of fuel energy content
Fuel related costs contain both the fuel purchase costs (fuel price) and the environmental costs, which were considered in the previous section.
The comparison of fuel related costs for the years 2010 and 2015 enables one to forecast the general trends in fuel competitiveness for the near future.
The comparison is based on the assumption that the fuel price is stable. The change in fuel related costs is induced by environmental costs.
The fuel prices taken as a basis for the calculations are as follows:
• Price of oil shale -4.6 EUR/MWh fuel . The proposed price is the current average purchasing price for one of the Estonian largest oil shale consumers Eesti Energia AS [6] .
• Price of peat -11.7 EUR/MWh fuel . The proposed price is based on the average peat price levels obtained from Tootsi Turvas AS, the biggest peat milling and exporting enterprise in Estonia.
• Price of wood chips -12.8 EUR/MWh fuel. The proposed price is based on the latest data published by the Estonian Institute of Economic Research in their web based price information system [7] . • Natural gas -28 EUR/MWh fuel . The proposed price is an average price of the latest data published by Statistics Estonia [8] . The calculation results are presented in Table VI as well as shown in Fig. 2 .
The calculation results reveal that the proposed increase in environmental costs will change the alignment of forces in the cost competitiveness of fuel sources considerably.
At present, peat is considered a good alternative to wood chips as peat has a lower fuel price compared with the ash handling costs and pollution charges of wood chips. By the year 2015, the use of peat will cause an increase in fuel costs by half up to two times higher per one MWh of fuel energy content, while the fuel costs of wood chips will change insignificantly. Currently, the fuel related costs of oil shale are almost twice as low as those of natural gas. Due to a larger share of environmental costs in the fuel related costs, as well as due to a 1.8 times higher CO 2 emission factor, a significant increase in the fuel related costs can be expected. By the year 2015, the difference in the fuel related costs between oil shale and natural gas will decrease and account for 5-15% depending on the proposed CO 2 quota price scenarios.
VIII. CONCLUSION
The paper observes the impact of pollution charges, ash handling and carbon dioxide on the cost competitiveness of the fuel sources used for energy production in Estonia. Fuel related costs for different energy sources for the years 2010 and 2015 are calculated with respect to the cases when the fuel related costs consist of fuel price, ash handling costs and environmental fees as well as the carbon dioxide quota price per one MWh of fuel energy content (based on lower calorific value). Calculations are provided based on different assumptions of combustion technologies, flue gas cleaning technologies, control devices, ash handling systems and other data. Thereby, calculation results are valid for the reviewed cases only. Other particular cases should be calculated individually.
Calculation results show that the proposed increase in environmental costs will considerably change the alignment of forces in the cost competitiveness of fuel sources by the year 2015.
Oil shale has a higher pollution charge rate per one MWh of fuel energy content. Combustion of oil shale implies pollution charges at the rate of about 1.75 EUR/MWh fuel . Due to high emission factors, especially for sulphur dioxide, carbon dioxide and particulates, the expected pollution charge rate by 2015 will be twice as high and amount to about 3.75 EUR/MWh fuel . Oil shale has the highest total environmental costs (10.6 EUR/MWh fuel ) for 2010 as well as a higher absolute increase of costs per one MWh of fuel energy content for 2015. The increase comprises 13.1-18.5 EUR/MWh fuel depending on the assumed CO 2 quota price scenarios. Due to a larger share of environmental costs in the fuel related costs, a significant (87-122%) growth in the fuel related costs can be expected. This could be crucial to the competitiveness of the oil shale energy production sector in comparison with other fossil and renewable fuels. Peat. At present, peat is considered a good alternative to wood chips. The lower fuel price of peat (11.7 EUR/MWh fuel ), against the higher fuel price of wood chips (12.8 EUR/MWh fuel ), balances the higher environmental taxes (ash handling costs and pollution By the year 2015, the use of peat will cause an increase in fuel costs per one MWh of fuel energy content in a range from a half up to two times (from 13.3 EUR/MWh to 21.2-26.8 EUR/MWh fuel ), while the fuel costs of wood chips will change insignificantly Natural gas has low pollution charge rates per one MWh of fuel energy content comprising 0.42 and 0.43 EUR/MWh fuel for the years 2010 and 2015, respectively. Ash handling costs equal zero in case of natural gas as it does not emit any ash.
Natural gas has a high fuel price which causes the total fuel related costs to be high, too. But with the carbon dioxide emission factor and other environmental costs being relatively low, natural gas can reduce its difference in fuel related costs compared to other fossil fuels which have a higher carbon dioxide emission factor and other environmental impacts. For example, in the case of oil shale, the difference in fuel related costs is estimated to decrease from about 90% in 2010 to 5-15% in 2015, depending on the proposed CO 2 quota price scenarios.
Wood chips. The lowest pollution fee costs among the considered fuels (0.054-0.11 EUR/MWh fuel for the years 2010 and 2015), a zero for the carbon dioxide emission level as well as the lowest ash handling costs (0.19-0.27 EUR/MWh fuel ) among other considered solid fuels allow to successfully keep the increase in the environmental and total fuel related costs small (13 and 13.2 EUR/MWh fuel for the years 2010 and 2015, respectively). The aforesaid factors significantly improve the competitiveness of wood chips and provide opportunities to expand the wood chips based energy production.
